Objective The precise relationship between alcohol intake and metabolic syndrome (MetS) is still unclear, and the results from previous studies have been inconclusive. Thus, we examined the effect of alcohol intake on the risk of MetS in men in order to gain more information on a potential relationship. Methods This study included 22,349 men who were divided into four groups according to their average alcohol intake [non-, light (less than 20 g ethanol/day), heavy (equal or more than 20 g and less than 60 g ethanol/day) and very heavy (equal and greater than 60 g ethanol/day) drinkers]. We measured each subject's body mass index (BMI), waist circumference and blood pressure (BP) and conducted a blood test to obtain a complete blood count and biochemical panel. These results were used to obtain the MetS prevalence. Additionally, fatty liver was diagnosed using abdominal ultrasonography. Results Light drinkers had smaller waist circumferences. Heavy and very heavy drinkers had larger waist circumferences, a higher BMI, a higher BP, higher fasting plasma glucose levels, higher triglycerides (TG) levels and higher high-density lipoprotein (HDL) cholesterol levels while they had lower low-density lipoprotein cholesterol levels than nondrinkers. The prevalence of high BP, hyperglycemia and high TG was significantly higher in heavy and very heavy drinkers than in nondrinkers. The prevalence of low HDL cholesterol levels decreased with an increase in alcohol consumption. The prevalence of MetS was significantly lower in light drinkers and higher in very heavy drinkers compared with nondrinkers. Conclusion Alcohol intake significantly influences the risk of MetS in men. A significant association was seen between an alcohol intake of 60 g/day or higher and the prevalence of MetS.
Introduction
The effects of alcohol consumption have been reported in many studies. The adverse effects of alcohol and the merits of moderate alcohol consumption are well established. Furthermore, liver damage caused by the intake of a large quantity of alcohol is well known (1, 2) . The National Cancer Center in Japan previously reported that the mortality of people who drink less than 20 g of alcohol daily is lower than people who never consume alcohol (3). More than 100 prospective studies have shown an inverse association between moderate drinking and the risks of heart attack, ischemic (clot-caused) stroke, peripheral vascular disease, sudden cardiac death, and death from all cardiovascular causes (4) . The effect is fairly consistent, corresponding to a 25-40% reduction in risk. Many doctors believe that some factors related with metabolic syndrome (MetS), such as obesity, hypertension, dyslipidemia and hyperglycemia, may be caused by excessive alcohol consumption. However, there are inconsistencies in the results of previous studies on the relationship between alcohol drinking and MetS. The effect of light alcohol consumption has been especially unclear. The relationship between alcohol intake and MetS has been reported to be inversely linear (5), J-or U-shaped (6), positively linear (7) or not significant (8) . Furthermore, alcohol consumption has been reported to have a favorable effect on the plasma high-density lipoprotein (HDL) cholesterol levels, a detrimental effect on plasma triglycerides (TG) concentration, and may contribute to an elevation of blood pressure (BP) (8) (9) (10) (11) (12) .
The aim of this study is to examine the effect of the amount of alcohol intake on the factors associated with MetS (13) (14) (15) (16) in men. MetS is not clearly defined; however, two major sets of international criteria have been established by the International Diabetes Federation (IDF) (13) and the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) (14) . The main difference between the two definitions is that the IDF has an obligatory threshold value for waist circumference (15) . The definition put forth by the Japanese Committee for the Diagnostic Criteria of MetS also includes a threshold value for waist circumference (16) . For this study, we utilized the IDF criteria (13), NCEP ATP III criteria (14) and Japanese criteria (16) .
Materials and Methods

Subjects
In this cross-sectional study, 22,349 men who visited the Health Management Center of Toranomon Hospital for the Ningen Dock (annual comprehensive) health check-up between January 1997 and December 2011 were included. For men who visited our center for the Ningen Dock health check-up more than once during this period, only data from the first visit was included. The mean age of the patients was 48.6±10.2 (range: 18-95). The average alcohol consumption of each subject per day was reported based on answers to standardized questionnaires on which the frequency and amount of habitual alcohol drinking were asked (sample questions include: "How frequently do you drink alcohol per week/month?" and "What amount of alcohol do you drink in a day when you drink?"). The daily alcohol intake was expressed in "go" (equivalent to 180 mL) for the Japanese unit of the traditional amount of sake, beer was expressed in the number of middle bottles (500 mL volume/bottle), and wine and whisky was expressed in the number of glasses. Twenty grams of ethanol corresponds to approximately one "go" (180 mL) of sake, 500 mL of beer, 180 mL of wine, 60 mL of whisky, and 110 mL of shochu. The subjects were categorized into four groups based on their daily ethanol consumption (nondrinkers; light drinkers: <20 g ethanol/day; heavy drinkers: ! 20 g and <60 g ethanol/day; very heavy drinkers: ! 60 g ethanol/day). These categories were selected based on the general assumption that alcohol intake should be reduced to 20-30 g ethanol/day to prevent hypertension.
Measurements
We measured each subject's height and weight and calculated Body Mass Index (BMI) as weight in kilograms divided by the square height in meters. The waist circumference was measured at the navel level according to the definition in the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome (18) . The systolic and diastolic BP was also measured. A blood test was conducted to obtain the complete blood count, in particular the white blood cell (WBC) count, the hemoglobin (Hb) level, and the platelet (PLT) count, and biochemical factors including aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γGTP), fasting plasma glucose (FPG), hemoglobin A1c (HbA1c), TG, total cholesterol (TC), HDL cholesterol, low-density lipoprotein (LDL) cholesterol and ferritin. Additionally, the ratio of fatty liver was determined based on the results from abdominal ultrasonography (US).
Criteria of metabolic syndrome
The factors considered to be related to MetS in this study were waist circumference, BP, HDL cholesterol, TG and FPG based on criteria from the IDF, NCEP ATP III and the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome (13, 14, 16) .
According to the IDF definition, for a person to be defined as having MetS they must have: central obesity (defined as waist circumference with ethnicity-specific values or defined as BMI) plus any two of the following four factors: 1) elevated TG, TG! 150 mg/dL; 2) reduced HDL cholesterol, HDL<40 mg/dL in men; 3) elevated BP, systolic BP! 130 or diastolic BP! 85 mmHg; and 4) elevated FPG, FPG! 100 mg/dL. If BMI is >30 kg/m 2 , central obesity can be assumed and the waist circumference does not need to be measured. The ethnicity-specific value for waist circumference was 90 cm or higher in men and 80 cm or higher in women for Japanese people. According to the NCEP-ATP III definition, MetS in men is defined as three or more of the the following risk factors: 1) waist circumference >102 cm, 2) elevated TG, TG! 150 mg/dL; 3) reduced HDL cholesterol, HDL<40 mg/dL in men; 4) elevated BP, systolic BP! 130 or diastolic BP! 85 mmHg; and 5) elevated FPG, FPG! 100 mg/dL. According to the Japanese criteria, MetS in men is defined as a waist circumference ! 85 cm and the presence of two or more of the following risk factors: 1) elevated BP, systolic BP! 130 or diastolic BP! 85 mmHg; 2) dyslipidemia, reduced HDL cholesterol, HDL cholesterol <40 mg/dL and/or raised TG, TG! 150 mg/dL; and 3) elevated FPG, FPG! 110 mg/dL.
Statistical analysis
A comparison between the BMI, waist circumference, systolic and diastolic BP, WBC, Hb, PLT, AST, ALT, γGTP, FPG, HbA1c, TG, TC, HDL cholesterol, LDL cholesterol, ferritin, the prevalence of fatty liver, the ratio of men with Means with standard deviations of each variable are shown. Light drinkers: <20 g ethanol/day; heavy drinkers: 0 and <60 g ethanol/day; very heavy drinkers: 0 g ethanol/day. * p<0.05; ** p<0.001 compared with nondrinkers.
smoking history and the prevalence of risk factors for MetS was performed among the 4 groups (nondrinker and 3 drinker groups) utilizing the Kruskal-Wallis test. When a significant difference was found, the results were compared utilizing the Mann-Whitney U test between two groups (i.e., nondrinkers vs. drinkers; light drinkers vs. heavy drinkers; and heavy drinkers vs. very heavy drinkers). Additionally, a comparison of the mean values was performed between men with fatty liver (fatty liver group) and others (non-fatty liver group) in each of the 4 alcohol groups utilizing the MannWhitney U test. Statistical analyses were performed using a computer software program (SPSS version 16.0 J for Windows, IBM, Chicago, USA).
Results
Comparison of the mean values of each variable among the alcohol intake groups
The four groups consisted of 2,848 men (12.7%), 9,788 men (43.8%), 7,470 men (33.4%) and 2,243 men (10.0%), respectively. The mean ages were 50.3±11.5, 48.1±10.6, 48.8±9.5 and 48.0±8.3 in each group, respectively. Table 1 shows the comparison of the mean levels of each variable among the four groups. The BMI, waist circumference, systolic and diastolic BP, WBC, Hb, AST, ALT, γGTP, FPG, HbA1c, TG, TC, HDL cholesterol, LDL cholesterol, ferritin, the ratio of fatty liver and the ratio of men with a history of smoking were significantly different among the four groups according to the Kruskal-Wallis test. Therefore, these 18 factors were analyzed using the Mann-Whitney U test.
The average BMI was significantly higher in the heavy or very heavy drinkers compared to nondrinkers (p<0.001, p< 0.001, respectively). There was no significant difference in BMI between light drinkers and nondrinkers. The waist circumference was significantly smaller in light drinkers than in nondrinkers (p=0.005) and was significantly larger in heavy and very heavy drinkers than in nondrinkers (p= 0.044, p=0.012, respectively). The smaller waist circumference seen in the light drinkers group remained regardless of age stratification (" 45 years old and ! 55 years old); thus, no significant difference was seen between the ages of each alcohol group.
The systolic and diastolic BP was elevated in heavy and very heavy drinkers compared with nondrinkers (p<0.001, p<0.001, p<0.001, p<0.001, respectively). The BP was also significantly elevated in the heavy drinkers compared with light drinkers (p<0.001, p<0.001, respectively). These results suggest that an alcohol intake " 20 g/day may increase the systolic and diastolic BP. The WBC numbers were significantly higher in nondrinkers compared with the three drinker groups (p<0.001, p<0.001, p=0.012, respectively). The Hb levels were significantly higher in very heavy drinkers compared with nondrinkers (p<0.001). No significant difference was seen in the AST and ALT levels between the nondrinker group and light drinker group. However, AST levels were significantly higher in heavy and very heavy drinkers than in nondrinkers (p<0.001, p<0.001, respectively). The AST level appeared to increase with an increase in alcohol intake. The ALT levels were also significantly higher in very heavy drinkers than in nondrinkers (p<0.001). The γGTP levels appeared to increase with an increase in al-cohol intake; the γGTP levels were significantly higher in light, heavy and very heavy drinkers compared with nondrinkers (p<0.001, p<0.001, p<0.001, respectively).
The FPG levels were significantly higher in heavy drinkers and in very heavy drinkers than in nondrinkers (p<0.001, p<0.001, respectively). There was also a significant difference in levels between heavy and very heavy drinkers (p< 0.001). The HbA1c levels were significantly lower in light, heavy and very heavy drinkers compared with nondrinkers (p<0.001, p<0.001, p<0.001, respectively). The TG levels were significantly higher in heavy and very heavy drinkers than in nondrinkers (p<0.001, p<0.001, respectively). Additionally, the TG levels in heavy drinkers were higher compared with light drinkers (p<0.001) and the TG levels in very heavy drinkers was higher than in heavy drinkers (p< 0.001). These results suggest that TG levels remain stable when the alcohol intake <20 g/day and increases with an increase in the alcohol intake when the intake ! 20 g/day. The TC levels were significantly higher in heavy drinkers compared with nondrinkers (p=0.001). However, there was no significant difference in the TC levels in very heavy drinkers compared with nondrinkers (p=0.634). The HDL cholesterol was significantly higher in the three drinker groups than in nondrinkers (p<0.001, p<0.001, p<0.001, respectively). The HDL cholesterol increased with an increase in alcohol intake. The LDL cholesterol was significantly lower in heavy and very heavy drinkers than in nondrinkers (p<0.001, p< 0.001, respectively). There was no significant difference in LDL cholesterol between nondrinkers and light drinkers (p= 0.158). The ferritin levels were significantly higher in the three drinker groups than in nondrinkers (p<0.001, p<0.001, p<0.001, respectively). Thus, ferritin appeared to increase with an increase in alcohol intake.
The results of abdominal US indicated that 37.9% of nondrinkers have fatty liver. The ratios were 34.5 and 36.9% in heavy and very heavy drinkers, respectively, and there was a significant difference between heavy and very heavy drinkers (p=0.036).The ratios of men with a history of smoking were significantly higher in the three drinker groups than in nondrinkers (p<0.001, p<0.001, p<0.001, respectively), and the ratio increased as the alcohol intake increased. Table 2 shows the comparison of the mean levels of some variables between men diagnosed with fatty liver using US (fatty liver group) and men without fatty liver (non-fatty liver group) in the four alcohol groups. The waist circumference, systolic BP, AST, ALT, γGTP, FPG, HbA1c, TG, LDL cholesterol and ferritin levels were significantly higher and the HDL cholesterol was significantly lower in the fatty liver group than in the non-fatty liver group in all alcohol groups (waist circumference: p<0. 001 .001, respectively). The waist circumference was significantly higher in heavy and very heavy drinkers compared with nondrinkers only in the non-fatty liver group (p< 0.001, p=0.012, respectively). The systolic and diastolic BP, FPG and TG were significantly higher in heavy and very heavy drinkers compared with nondrinkers in both the nonfatty (systolic BP: p<0.001, p=0.005, diastolic BP: p<0.001, p<0.001, FPG: p<0.001, p<0.001, TG: p<0.001, p<0.001, respectively) and in the fatty liver groups (systolic BP: p< 0.001, p=0.004, diastolic BP: p<0.001, p=0.001, FPG: p< 0.001, p<0.001, TG: p=0.01, p<0.001, respectively). The HDL cholesterol and ferritin levels were significantly higher in the three drinker groups than in nondrinkers both in the non-fatty (HDL cholesterol: p<0.001, p<0.001, p<0.001, ferritin: p<0.001, p<0.001, p<0.001, respectively) and in the fatty liver groups (HDL cholesterol: p<0.001, p<0.001, p< 0.001, ferritin: p<0.001, p<0.001, p<0.001, respectively). Table 3 shows the prevalence of each risk factor for MetS among the 4 alcohol groups. The prevalence of a large waist circumference was significantly lower in light drinkers than in nondrinkers [Japanese criteria: p=0.003; NCEP-ATP III criteria: p=0.016]. The prevalence of a large waist circumference tended to be greater in heavy and very heavy drinkers than in nondrinkers, but there was no significant difference [Japanese criteria: p=0.585 (heavy drinkers), p=0.172 (very heavy drinkers), respectively; NCEP-ATP III criteria: p=0.050 (heavy drinkers), p=0.596 (very heavy drinkers), respectively]. The prevalence of central obesity was significantly lower in light drinkers than in nondrinkers [IDF criteria: p=0.016] and was significantly higher in very heavy drinkers than in nondrinkers [IDF criteria: p=0.029].
Comparison of mean values between in men with fatty liver and others
Comparison of the prevalence of each risk factor for metabolic syndrome among the alcohol intake groups
The prevalence of high BP was significantly higher in heavy (p<0.001) and very heavy (p<0.001) drinkers than in nondrinkers. The prevalence of high FPG levels was significantly higher in heavy and very heavy drinkers than in nondrinkers [Japanese criteria: p=0.011 (heavy drinkers), p< 0.001 (very heavy drinkers), respectively; IDF and NCEP-ATP III criteria: p<0.001 (heavy drinkers), p<0.001 (very heavy drinkers), respectively].
The prevalence of high TG levels was significantly higher in heavy (p<0.001) and very heavy (p<0.001) drinkers than in nondrinkers. The prevalence of low HDL cholesterol was significantly lower in light (p<0.001), heavy (p=0.011) and very heavy (p<0.001) drinkers than in nondrinkers, thus suggesting that the prevalence of low HDL cholesterol decreases with an increase in alcohol intake.
The prevalence of MetS was significantly lower in light The prevalence of MetS was significantly higher in very heavy drinkers than in nondrinkers [Japanese criteria: p= 0.036; NCEP-ATP III criteria: p<0.001]. The prevalence of MetS according to IDF criteria tended to higher in very heavy drinkers than in nondrinkers; however, the difference was not significant (p=0.066).
Discussion
Our study indicated that the prevalence of risk factors for MetS (e.g., high BP, hyperglycemia, and high TG) was significantly higher in heavy drinkers than in nondrinkers in a general population of Japanese men. Conversely, our study also showed that the prevalence of large waist circumference and low HDL cholesterol was significantly lower in light drinkers than in nondrinkers. In a previous study conducted in Japan, non-and light drinkers were analyzed together and no comparison was made between non-and light drinkers or between nondrinkers and heavy drinkers (17) . In another previous study, a significant association between light (<22 g/day) or heavy (! 22 and <44 g/day) alcohol intake and a lower risk for MetS was seen in young men aged ! 35 and <45 years old (18) . Our study showed that an alcohol intake ! 20 g/day may increase the prevalence of almost all risk factors of MetS for men; the waist circumference, BP, FPG, and TG levels were significantly higher in heavy (! 20 g/day and <60 g/day) and very heavy (! 60 g/day) drinkers than in nondrinkers and the prevalence of high BP, hyperglycemia, and high TG was higher in heavy and very heavy drinkers than in nondrinkers. Alcohol intake was beneficial for the HDL cholesterol levels regardless of how much alcohol was consumed, and the HDL levels decreased in men diagnosed with fatty liver. Thus, the prevalence of MetS was higher in heavy drinkers (! 20 g/day and <60 g/day) and very heavy drinkers (! 60 g/day) than in nondrinkers, but a significant difference was seen only between very heavy and nondrinkers. The prevalence of MetS was significantly lower in light (<20 g/day) drinkers possibly because the prevalence of a large waist circumference was significantly lower in light drinkers. This coincides with the results from a previous study of young men (18) .
In our study, the variables most sensitive to alcohol intake were γGTP and ferritin. Some papers have reported an association between serum ferritin levels and risk for MetS; high-normal ferritin concentrations are associated with central adiposity (19) , hypertension (20) , elevated fasting insulin and blood glucose (21), dyslipidemia (22) and MetS (23) . The relationships between ferritin and TG and between ferritin and FPG observed our study completely concurred with previous reports. However, the relationship between ferritin and HDL cholesterol appears to be more complex. An elevated ferritin was accompanied by a lower HDL cholesterol and higher FPG in the fatty liver group compared with the non-fatty liver group (Table 2) . Conversely, HDL cholesterol levels increased with an increase in alcohol intake, which further led to an increase in FPG and ferritin levels. Thus, we speculate that alcohol intake may increase HDL cholesterol levels, but HDL cholesterol decreases during steatosis.
Fatty liver in non-and light drinkers may be diagnosed as non-alcoholic fatty liver disease (NAFLD) and the levels of ferritin during this condition may suggest the possibility of non-alcoholic steatohepatits (NASH) (24) . NAFLD/NASH may accompany a decrease in insulin sensitivity and an increase in basal insulin secretion, which causes an increase in HbA1c. Alcohol consumption has been shown to increase the postprandial glucose response and insulin secretion in healthy subjects (25) although FPG increases as the amount of alcohol intake increases, while HbA1c decreases as the amount of alcohol intake decreases (18) . The reason for this discrepancy is unclear and future studies are warranted.
There are some limitations to this study. One limitation is that the nondrinkers group in this study also included men who had consumed alcohol in the past. There were 2,506 men who had never consumed alcohol; the other 341 men had had at least one drink.
Another limitation of this study is the inclusion of only male subjects. The results of the same parameters conducted in women were not mentioned in this paper because the number of very heavy drinkers among women was very small (approximately 1.5% of all women who visited the Health Management Center of Toranomon Hospital for the Ningen Dock health check-up between January 1997 and December 2011). This low rate may have skewed the statistical analyses; thus, we excluded women from the study.
In conclusion, we found that alcohol intake was associated with the risk factors of MetS in men. An alcohol intake <20 g/day may decrease the prevalence of a large waist circumference, low HDL cholesterol and MetS, while an intake ! 20 g/day may increase the risk factors of MetS, such as hypertension, hyperglycemia and high TG. Alcohol consumption and the prevalence of low HDL cholesterol was found to be inversely linear, thus indicating that alcohol consumption may be beneficial for the HDL cholesterol levels regardless of the amount consumed.
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